Key indicators: single-crystal X-ray study; T = 160 K; mean (C-C) = 0.002 Å; disorder in main residue; R factor = 0.042; wR factor = 0.103; data-to-parameter ratio = 21.3.
The asymmetric unit of the title compound, C 28 H 38 N 4 O 8 Á-C 2 H 6 OS, contains one tetrapeptide and one disordered dimethyl sulfoxide (DMSO) molecule. The central fivemembered ring (Pro 2 ) of the peptide molecule has a disordered envelope conformation [occupancy ratio 0.879 (2): 0.121 (2)] with the envelope flap atom, the central C atom of the three ring methylene groups, lying on alternate sides of the mean ring plane. The terminal five-membered ring (Pro 4 ) also adopts an envelope conformation with the C atom of the methylene group closest to the carboxylic acid function as the envelope flap, and the six-membered tetrahydropyrane ring shows a chair conformation. The tetrapeptide exists in a helical conformation, stabilized by an intramolecular hydrogen bond between the amide N-H group of the heterocyclic -amino acid Thp and the amide O atom of the 4-methoxybenzoyl group. This interaction has a graph set motif of S(10) and serves to maintain a fairly rigid -turn structure. In the crystal, the terminal hydroxy group forms a hydrogen bond with the amide O atom of Thp of a neighbouring molecule, and the amide N-H group at the opposite end of the molecule forms a hydrogen bond with the amide O atom of Thp of another neighbouring molecule. The combination of both intermolecular interactions links the molecules into an extended three-dimensional framework.
Related literature
For the azirine/oxazolone method, see: Heimgartner (1991) ; Altherr et al. (2007) ; Stamm & Heimgartner (2004) . For the synthesis of Thp-containing peptides via the azirine/oxazolone method and their crystal structures, see : Suter et al. (2000) . For the synthesis of Aib-Pro containing peptides via azirine coupling, see: Luykx et al. (2003) ; Stamm & Heimgartner (2006) ; Pradeille et al. (2012) ; Stoykova et al. (2012) . For the insertion of Xaa-Pro units (Xaa = heterocyclic -amino carboxylic acid) into peptides, see : Suter et al. (2000) ; Stamm et al. (2003) . For the conformation of peptides containing ,-disubstituted -amino acids, see : Prasad & Balaram (1984) ; Toniolo & Benedetti (1991) ; Schweitzer-Stenner et al. (2007) ; Aravinda et al. (2008) ; Demizu et al. (2012) . For crystal structures of peptaibols, see: Whitmore & Wallace (2004) Á min = À0.33 e Å
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Absolute structure: Flack & Bernardinelli (1999 , 2000 , 4115 Friedel pairs Flack parameter: À0.02 (8) Table 1 Hydrogen-bond geometry (Å , ). Peptaibols are naturally occurring peptides containing high proportions of α-aminoisobutyric acid (Aib) and occasionally other 2,2-disubstituted glycines (Whitmore & Wallace, 2004) . As a result of the presence of α,α-disubstituted α-amino acids, these peptides adopt fairly rigid helical structures, the preferred conformation being the 3 10 -helix as a sequence of β-turns (Prasad & Balaram, 1984; Toniolo & Benedetti, 1991; Schweitzer-Stenner et al., 2007; Aravinda et al., 2008; Demizu et al., 2012) . In the past we have elaborated the 'azirine/oxazolone method′ as a convenient protocol for the introduction of α,α-disubstituted α-amino acids into peptide chains in solution (Heimgartner, 1991; Altherr et al., 2007) as well as on solid phase (Stamm & Heimgartner, 2004) . In addition, it has been shown that the dipeptide unit Aib-Pro, which frequently appears in natural peptaibols (Whitmore & Wallace, 2004) , can be inserted conveniently into a peptide chain via 'azirine coupling′ with methyl N- (2,2-dimethyl-2H-azirin-3-yl) prolinate (Luykx et al., 2003; Pradeille et al., 2012; Stoykova et al., 2012) . In a similar manner, dipeptide segments consisting of a heterocyclic α-amino carboxylic acid and proline have been inserted into peptides via 'azirine coupling′ (Suter et al., 2000; Stamm et al., 2003) . In all cases, the heterocyclic α-amino carboxylic acid behaves in a similar way to other α,α-disubstituted α-amino acids, that is they induce helical conformations of the peptide. The synthesis of the title tetrapeptide was carried out with the aim of further testing the scope of the 'azirine coupling′ with a combination of two different Xaa-Pro synthons.
The crystals of the title compound are enantiomerically pure and the expected absolute configuration, S at C2 and C8 of the two proline residues, has been confirmed by the diffraction experiment. The asymmetric unit contains one molecule of the peptide plus one molecule of DMSO. The S atom of the DMSO molecule is disordered over two sites (details in the Experimental section). The peptide molecule exists in a β-turn conformation stabilized by an intramolecular hydrogen bond between N6-H of the heterocyclic amino acid Thp and the O atom of the amide C=O group of the 4-methoxybenzoyl group ( Fig. 1 ; Table 1 ). This interaction has a graph set motif (Bernstein et al., 1995) of S(10). The central fivemembered ring of Pro2 is disordered in that the ring has an envelope conformation in which atom C23 as the envelope flap is located on alternate sides of the mean ring plane with the major conformation found in 72.0 (10)% of the molecules. The other 5-membered ring (Pro4) also has an envelope conformation with atom C14 as the envelope flap.
The six-membered tetrahydropyrane ring (Thp) exists in a chair conformation. All four amide groups are quite planar.
Classical intermolecular hydrogen bonds of the O-H···O and N-H···O type link the molecules into a threedimensional framework (Fig. 2 ). This network is built from two substructures. In the first substructure, the carboxylic 
Experimental
The title compound was prepared in analogy to earlier described procedures (Suter et al., 2000; Stoykova et al., 2012) by treatment of (S)-N-[N-(4-methoxyphenyl)-2-methylalanyl]proline (4-MeOBz-Aib-Pro-OH; Stoykova et al., 2012) with two mol-equivalents of methyl (S)-N-(1-aza-6-oxaspiro[2.5]oct-1-en-2-yl)prolinate (Suter et al., 2000) in dry THF at room temperature for 48 h. After removing the solvent under reduced pressure, the residue was purified by column chromatography (silica gel, CH 2 Cl 2 /MeOH; gradient 110:1 to 20:1). Saponification of the resulting tetrapeptide ester was achieved by treatment with 4 mol-equivalents of LiOH.H 2 O in THF/MeOH/H 2 O 3:1:1 at room temperature for 25 h. After completion of the reaction, 1M HCl was added until pH 1 was reached, and the organic solvent was evaporated. The residue was extracted with CH 2 Cl 2 , the combined organic phase was dried over MgSO 4 , and the solvent evaporated to
give the title compound in 74% yield (over two steps). Colourless crystals suitable for an X-ray crystal structure analysis were grown from DMSO at ca 278 K.
Refinement
The structure contains one molecule of DMSO per peptide molecule. The S atom of the DMSO molecule is disordered over two sites with the major orientation having a site occupation factor of 0.879 (2). One C atom of the central fivemembered ring of the peptide molecule is also disordered over two sites with the major conformation having a site occupation factor of 0.720 (10). Similarity restraints with a tolerance of 0.01 Å were applied to the chemically equivalent bond lengths involving all disordered atoms, while neighbouring disordered atoms were restrained to have similar atomic displacement parameters. Seven low angle reflections were omitted on account of obscuration by the beam stop.
The amide and carboxylic acid H atoms were placed in the positions found in a difference Fourier map and were then refined isotropically. All other H atoms were placed in geometrically optimized positions and constrained to ride on their parent atoms with C-H = 0.95 (aromatic), 0.98 (methyl), 0.99 (methylene) or 1.00 (methine) Å and with U iso (H) = 1.5U eq (C) for the methyl groups and 1.2U eq (C) otherwise.
Computing details
Data collection: COLLECT (Nonius, 2000) ; cell refinement: DENZO-SMN (Otwinowski & Minor, 1997) ; data reduction:
DENZO-SMN and SCALEPACK (Otwinowski & Minor, 1997 ); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ORTEPII (Johnson, 1976) ; software used to prepare material for publication: SHELXL97 (Sheldrick, 2008) and PLATON (Spek, 2009 ).
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Figure 1
The molecular structure of the title compound showing the atom-labelling scheme and the intramolecular hydrogen bond (dashed line). Displacement ellipsoids are drawn at the 50% probability level. 
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

